1. Introduction {#sec1-ijms-19-00377}
===============

Immune dysregulation is believed to play a pathogenic role in the development of both autoimmunity and neoplasia, and autoimmune conditions have been described in patients with neoplastic diseases. Antinuclear antibodies, the hallmark of many autoimmune rheumatic diseases, have been reported in the sera of patients with malignant tumors \[[@B1-ijms-19-00377],[@B2-ijms-19-00377],[@B3-ijms-19-00377]\]; anti-La antibodies which are characteristically detected in sera of patients with Sjӧgren's syndrome, and anti-CENP-B antibodies, a marker of systemic sclerosis, were detected in patients with breast cancer \[[@B4-ijms-19-00377],[@B5-ijms-19-00377]\]. Similarly, anti-dsDNA antibodies which are of both diagnostic and prognostic value in systemic lupus erythematosus (SLE), were also reported to be present in the sera of patients with various types of cancer \[[@B6-ijms-19-00377],[@B7-ijms-19-00377]\]; the presence of rheumatoid factor was found to correlate with poor prognosis in different types of neoplastic diseases including gastrointestinal cancer \[[@B8-ijms-19-00377]\]. Also, organ-specific antibodies were reported in malignancies; among these are anti-smooth muscle antibodies, anti-parietal cell antibodies and anti-thyroid antibodies \[[@B9-ijms-19-00377],[@B10-ijms-19-00377]\].

Conversely, an increased incidence of malignancies has been observed among patients with autoimmune diseases \[[@B11-ijms-19-00377]\]. According to the Bradford Hill postulates \[[@B12-ijms-19-00377]\] that evaluate the degree in which an autoimmune disease is conditioning a higher probability to develop a malignant neoplasm, a link has been found for rheumatoid arthritis, SLE, Sjӧgren's syndrome and celiac disease in association with lymphoproliferative diseases \[[@B13-ijms-19-00377],[@B14-ijms-19-00377]\]; idiopathic inflammatory myositis with solid tumors \[[@B15-ijms-19-00377]\]; and systemic sclerosis in association with breast and gastrointestinal cancer \[[@B16-ijms-19-00377]\]. In addition, recent research has shown that neoplastic transformation of autoimmune gastritis is as high as 10% and that autoimmune gastritis should be considered a pre-neoplastic disorder with an annual incidence of gastric cancer of 0.3% \[[@B17-ijms-19-00377]\].

Here, we review the association of autoimmune gastritis with gastric cancer and other autoimmune features present in gastric neoplasms.

1.1. Autoimmune Gastritis {#sec1dot1-ijms-19-00377}
-------------------------

Autoimmune gastritis (AIG) is an organ-specific disease characterized by a chronic inflammation of the mucosa of the stomach that evolves in atrophic gastritis causing malabsorption of essential elements and eventually microcytic iron-deficient anemia \[[@B18-ijms-19-00377]\] or pernicious anemia due to vitamin B~12~ deficiency \[[@B19-ijms-19-00377]\]. As the lesion progresses, the parietal and principal cells of the mucosa may be replaced by cells containing mucus, similar to the intestinal ones. Two types of metaplasia are considered to be associated with gastric carcinogenesis in humans: intestinal metaplasia, and spasmolytic polypeptide-expressing metaplasia (SPEM). Goblet cells in intestinal metaplasia express appropriate intestinal markers, including Muc2 and Trefoil factor 3 (TFF3), while the mucous metaplastic lineages in SPEM display morphological characteristics more typical of deep antral gland cells or Brunner's glands, with expression of Muc6 and Trefoil factor 2 (TFF2). Importantly, recent investigations support the origin of SPEM through transdifferentiation from mature principal cells following parietal cell loss \[[@B20-ijms-19-00377]\]. Both intestinal metaplasia and SPEM have been associated with the progression to intestinal-type gastric cancer \[[@B21-ijms-19-00377]\].

Similar to other autoimmune conditions, AIG is more common in females than in males (3:1 ratio). AIG is generally asymptomatic up to an advanced stage of atrophy and/or dysplasia of the mucosa \[[@B22-ijms-19-00377]\]. For this reason, AIG is a frequently underdiagnosed disease, with an estimated prevalence of nearly 2% in the third decade to 12% in the eighth decade \[[@B17-ijms-19-00377],[@B23-ijms-19-00377],[@B24-ijms-19-00377]\]. The prevalence is even higher in patients affected by other autoimmune diseases, especially autoimmune thyroid diseases (AITD) and type 1 diabetes (T1DM) \[[@B25-ijms-19-00377],[@B26-ijms-19-00377]\]. These associations define the multiple autoimmune diseases (MAS) type 3B and 4 \[[@B27-ijms-19-00377]\].

Chronic autoimmune gastritis (type A) is etiologically and histologically distinct from type B gastritis associated with *Helicobacter pylori* (*H. pylori*) infection \[[@B28-ijms-19-00377]\]. Different from *H. pylori* gastritis which is mainly localized in the antrum, AIG is restricted to the gastric body and fundus because inflammatory aggression affects the cells of the oxytocin glands \[[@B29-ijms-19-00377]\]. However, there is a peculiar form of AIG that may develop in genetically predisposed subjects during *H. pylori* infection \[[@B30-ijms-19-00377]\]. The finding of anti-parietal cell antibodies in 20--30% of patients with *H. pylori* infection and of anti-*H. pylori* antibodies in patients with AIG, suggests that there is a link between *H. pylori* and gastric autoimmunity \[[@B31-ijms-19-00377],[@B32-ijms-19-00377],[@B33-ijms-19-00377]\].

*H. pylori* infection could induce AIG through mechanisms of molecular mimicry and/or epitope spreading; a high homology has been demonstrated between the β subunit of Hp urease and the subunit β of gastric ATPase \[[@B34-ijms-19-00377]\]. The activation of gastric Th1 cells reactive to different peptides of *H. pylori* wall that cross-react with gastric H^+^K^+^-ATPase, results in an inflammatory process in which T-cell-derived IFN-γ enables parietal cells to act as APCs and to become targets of cross-reactive epitope recognition resulting in killing or apoptotic suicide. Apoptotic parietal cells would thus allow cross-priming of T cells that are specific to private gastric ATPase epitopes \[[@B35-ijms-19-00377],[@B36-ijms-19-00377]\].

Although histological healing of the mucosa of the body has been reported in patients in whom *H. pylori* had been eradicated \[[@B37-ijms-19-00377],[@B38-ijms-19-00377]\], a direct correlation between *H. pylori* infection and AIG remains controversial \[[@B39-ijms-19-00377],[@B40-ijms-19-00377],[@B41-ijms-19-00377]\]. To this end, it has to be noted that while the bacterium is present in the initial stages of gastritis, in the atrophic stage the bacterium is no longer recognizable because hypocloridry and mucosal destruction result in environmental conditions unsuitable for *H. pylori* survival.

1.2. Cell-Mediated Autoimmunity {#sec1dot2-ijms-19-00377}
-------------------------------

In AIG, cell-mediated autoimmunity plays a primary role sustained by CD4^+^CD25^−^ Th1 resting lymphocyte effectors \[[@B42-ijms-19-00377]\]. Most of these self-reactive cells produce IFN-γ and TNF-α and possess cytolytic capacities, with perforin and Fas/Fas ligand-mediated mechanisms, which they express in well-defined gene restriction conditions dictated by the MHC system \[[@B43-ijms-19-00377]\]. They induce gastric parietal cell death by apoptosis and perforin/granzyme B pathway, in particular through IFN-γ, which increases the expression of Fas and MHC class II molecules on gastric parietal cells.

The evidence that in the guinea pigs a single injection of an IFN-γ neutralizing antibody prevents the development of gastritis makes it clear that this cytokine is active in the genesis of the disease \[[@B44-ijms-19-00377]\].

Moreover, the role of CD4^+^CD25^−^ Th1 lymphocytes in the pathogenesis of AIG has been demonstrated by their isolation in the paragastric lymph nodes in experimental murine models and the development of atrophic gastritis with appearance of parietal cell antibodies in association with a decrease in CD4^+^CD25^+^ T-cell tolerance \[[@B45-ijms-19-00377]\].

The main target of immunological injury is the gastric H^+^/K^+^-adenosine-triphosphate enzyme (ATPase), a protein of the membrane that coats the secretory canaliculi of the parietal cells and is responsible for the secretion of hydrogen ions in exchange for potassium ions (proton pump) \[[@B46-ijms-19-00377],[@B47-ijms-19-00377]\]. The gastric H^+^/K^+^-ATPase is formed by a catalytic 100 kDa α subunit and a 60--90 kDa β subunit; CD4^+^ T cells react to H^+^/K^+^-ATPase α chain and marginally to the β chain. Induced by a triggering factor not yet entirely identified, the CD4^+^CD25^−^ T-cells, together with macrophages and B lymphocytes, infiltrate the submucosa, the lamina propria and the gastric glands causing the loss of parietal, principal and P/D1 ghrelin-producing cells \[[@B48-ijms-19-00377],[@B49-ijms-19-00377]\], the principal and P/D1 cells being destroyed as bystanders of the parietal cells.

1.3. Humoral Autoimmunity {#sec1dot3-ijms-19-00377}
-------------------------

Patients with AIG have been shown to have two types of antibodies, one to parietal cells (PCAs) and the other to intrinsic factor (IFA) or its binding site in the small bowel.

PCAs are present at a high frequency in AIG (80--90%), especially in early stages of the disease \[[@B50-ijms-19-00377],[@B51-ijms-19-00377]\] and bind to both α and β subunits of gastric H^+^/K^+^-ATPase. Antibody reactivity to the α catalytic subunit includes epitopes on the cytosolic side of the secretory membrane. Antibody reactivity to the β subunit requires that the antigen is linked in a disulfide-bond and glycosylated, thus, suggesting that autoepitopes are located in the luminal domain of the glycoprotein \[[@B47-ijms-19-00377],[@B52-ijms-19-00377]\].

In the later stages of the disease, the incidence of PCA decreases due to the progression of atrophy and the loss of gastric parietal cells and, thus, the decrease in antigenic rate \[[@B53-ijms-19-00377],[@B54-ijms-19-00377]\]. It is currently unknown if these autoantibodies play a pathogenic role in AIG but their finding in serum in the subclinical stage, especially in patients with autoimmune endocrine disease, is predictive of the presence of AIG \[[@B55-ijms-19-00377]\].

Human intrinsic factor (IF) is a 60-kDa glycoprotein secreted by gastric parietal cells. Its action is high affinity binding and transport of vitamin B~12~. The complex IF-vitamin B~12~ reaches terminal ileum where it is absorbed after binding to specific receptors in the membranes of cells of ileal lumen \[[@B56-ijms-19-00377]\]. IFAs are considered specific markers for AIG and are present both in blood serum and in the gastric juice of 30--50% of AIG patients \[[@B57-ijms-19-00377]\]. In serum, two specific types of IFA, both of the IgG class, have been described: type 1 (blocking antibodies) that react with the binding site for vitamin B~12~ and are found in 70% of IFA-positive patients, and type 2 (binding or precipitating antibody) that recognizes a site away from B~12~ binding sites and impedes binding of IF-vitamin B~12~ to the receptors in the ileal mucosa. Type 2 IFAs are found in about 30% of AIG patients, and are rarely present in the absence of type I autoantibodies \[[@B58-ijms-19-00377]\].

2. Autoimmune Gastritis and Gastric Cancer {#sec2-ijms-19-00377}
==========================================

The incidence of gastric neoplasms is higher in patients with AIG compared to the general population \[[@B59-ijms-19-00377],[@B60-ijms-19-00377]\]. Prospective studies have shown that 4--9% of patients with AIG, or its more severe form pernicious anemia, have gastric carcinoid tumors, whose frequency is 13-times higher than that of control subjects \[[@B44-ijms-19-00377]\]. In addition, AIG progression to atrophic gastritis, associated with intestinal metaplasia, may predispose to gastric adenocarcinoma in more than 10% of patients \[[@B44-ijms-19-00377]\].

Two recent studies, one with over 4.5 million adult male veterans admitted to US Veterans Affairs hospitals in the United States \[[@B61-ijms-19-00377]\] and the other including nine million individuals from Sweden \[[@B62-ijms-19-00377]\], reported that individuals with AIG/pernicious anemia had a three-fold increased risk of developing not only stomach carcinoid and adenocarcinomas, but also small intestinal adenocarcinomas and esophageal squamous cell carcinomas.

Nguyen and coworkers \[[@B63-ijms-19-00377]\], using a transgenic mouse model of AIG, investigated the potential link between AIG and gastric cancer using CD4^+^ T cells expressing a T-cell receptor specific for a peptide from the gastric H^+^/K^+^ ATPase proton pump. By 2--4 months of age, all mice developed chronic gastritis that resulted from large numbers of CD4^+^ T cells that infiltrated the gastric mucosa and produced large amounts of IFNγ and smaller amounts of IL-17. At this stage of the disease, mice also developed several molecular features similar to those that precede gastric cancer in humans, including SPEM.

For these reasons, autoimmune gastritis should be considered a precancerous lesion, and the European MAPS (Management of Precancerous Conditions and Lesions in the Stomach) guidelines \[[@B64-ijms-19-00377]\] recommend a three-yearly endoscopic and bioptic follow-up for all patients with extensive atrophy (stage III and IV of the OLGA classification \[[@B65-ijms-19-00377]\]) ([Table 1](#ijms-19-00377-t001){ref-type="table"} and [Figure 1](#ijms-19-00377-f001){ref-type="fig"}).

Gastric atrophy is a key step towards gastric neoplasms, as studies of resected stomachs from patients with intestinal-type gastric cancer have shown gastric atrophy in every case \[[@B66-ijms-19-00377]\]. Atrophy and metaplasia (including SPEM), occur in a setting of inflammation and a complex milieu of cytokines \[[@B67-ijms-19-00377]\]. Studies in humans and mouse models of gastritis and gastric cancer identified important roles for cytokines in regulating oxyntic atrophy, hyperplasia, metaplasia, and progression to gastric cancer. Several reports showed that IL-17A promotes tumorigenesis. In particular: (a) level of IL-17 mRNA in gastric tumors was associated with the depth of tumor, lymph-vascular invasion and lymph node involvement \[[@B68-ijms-19-00377]\]; (b) gastric cancer patients have higher levels of IL-17 in serum and in cancer tissues than the general population \[[@B69-ijms-19-00377]\]; (c) genetic data show that IL-17A and IL-17F polymorphisms increase gastric cancer risk \[[@B70-ijms-19-00377]\]; (d) there are increased Th17 cells infiltrating tumors on patients with advanced gastric cancer \[[@B71-ijms-19-00377]\].

Kuai and coworkers have demonstrated that tumor cells produce IL-8, a cytokine of the CXC chemokine family, as an autocrine growth factor, which promotes tumor growth, tissue invasion, metastatic spread and chemoresistance of gastric cancer cells \[[@B72-ijms-19-00377]\]. Genotypes of TNF, IL10, IL1B, and the interleukin-1 receptor antagonist (IL-1RA) are also reported to confer greater risk of gastric cancer \[[@B73-ijms-19-00377]\]. IL-1β was able to directly induce DNA methylation, which may link inflammation-induced epigenetic changes and the development of gastric diseases \[[@B74-ijms-19-00377]\]. Several additional cytokines (IL-22, IL-23, IL-32, IL-33) have been also implicated in gastric cancer progression \[[@B75-ijms-19-00377],[@B76-ijms-19-00377],[@B77-ijms-19-00377]\]. Taken together, these findings show that diverse cytokines and different combinations of cytokines might promote gastric oncogenesis and/or metastasis. The risk may depend on the types of cytokines made by different subsets of differentiated CD4^+^ helper T cells responding to *H. pylori* or self-antigens such as H^+^/K^+^ adenosine triphosphatase (ATPase) in the case of autoimmune gastritis \[[@B73-ijms-19-00377]\].

However, more information on cytokines that influence gastric cancer development is needed, in particular in light of the development of new biological entities for targeting specific cytokines. In fact, a better understanding of the cytokine pathway promoting gastric cancer development and progression may be used to obtain additional therapeutic options for patients with chronic atrophic gastritis and gastric cancer.

Overall, AIG has been associated with the development of two types of gastric neoplasms: intestinal type and type I gastric carcinoid \[[@B78-ijms-19-00377]\].

2.1. Intestinal-Type Gastric Cancer {#sec2dot1-ijms-19-00377}
-----------------------------------

As previously mentioned, the two known factors predisposing gastric cancer in patients with AIG are intestinal metaplasia and concurrent *H. pylori* infection, which is the most common cause of intestinal metaplasia of the gastric mucosa \[[@B79-ijms-19-00377]\]. It should be noted that *H. pylori* eradication in patients with precancerous lesions (gastric atrophy, intestinal metaplasia or gastric dysplasia) does not significantly reduce the incidence of gastric cancer \[[@B80-ijms-19-00377]\]. However, not all patients with *H. pylori* gastritis develop gastric cancer. Chances are higher when there are some virulence factors. For example, *H. pylori* cagA-positive strains have been shown to pose a significantly greater risk of developing peptic ulcers and gastric cancer than cagA-negative strains \[[@B81-ijms-19-00377],[@B82-ijms-19-00377]\]. Another well-known virulence factor is the vacuolating cytotoxin A (vacA) protein \[[@B83-ijms-19-00377]\].

The pathway of gastric cancer development, mainly of the intestinal histological type, was described by Correa \[[@B84-ijms-19-00377]\]: chronic inflammation leads to tissue atrophy, which is further followed by intestinal metaplasia. Unknown genetic, metabolic or environmental triggers eventually lead to the development of adenocarcinoma. In a recent systematic review, an annual incidence of gastric adenocarcinoma of 0.27% per person-year was demonstrated, with an overall relative risk of 6.8 \[[@B60-ijms-19-00377]\]. In another study, in which 877 Danish patients with gastric cancer were examined, 12 (1.3%) had a previous diagnosis of AIG \[[@B85-ijms-19-00377]\]. According to the typical distribution of lesions in AIG, these tumors were localized to the body and to the fundus of the stomach, while they were mainly affecting the antral and pyloric region in patients without AIG (*H. pylori* infection was not investigated).

2.2. Type I Gastric Carcinoid {#sec2dot2-ijms-19-00377}
-----------------------------

Hypergastrinemia resulting from the loss of HCl secretion by gastric parietal cells leads to the development of hyperplasia of the enterochromaffin cells with possible evolution into a carcinoid tumor. Carcinoid tumor in patients with AIG represents about 10% of all carcinoid tumors and about 1% of gastric neoplasms \[[@B86-ijms-19-00377],[@B87-ijms-19-00377]\].

There are three types of gastric carcinoid characterized by different levels of gastrin: (a) type I associated with a very high gastrinemia resulting from AIG; (b) type II which is present in patients with multiple endocrine neoplasia (MEN) and show elevated levels of gastrin; (c) type III presenting as Zollinger--Ellison syndrome which is the most aggressive variant and showing a normal gastrin level \[[@B88-ijms-19-00377]\]. In type I carcinoid, lesions are characterized by the secretion of gastrin in response to the loss of the negative feedback due to the loss of parietal cells, which produce hydrochloric acid. Hypergastrinemia, in turn, has trophic effects on enterochromaffin cells. Hyperplasia and subsequent dysplasia of enterochromaffin cells may progress toward the gastric carcinoid type I over time \[[@B89-ijms-19-00377]\]. In addition, chronic achlorhydria increases the production of gastrin by the G cells in the antrum, which then stimulates enterochromaffin cells that lead to their hyperplasia. Patients with type I gastric carcinoid are generally asymptomatic, although dyspeptic symptoms may be present. For this reason, diagnosis is usually performed during endoscopic examination \[[@B90-ijms-19-00377]\].

2.3. Cancer Stem Cells {#sec2dot3-ijms-19-00377}
----------------------

Recently, a cancer stem/initiating cell concept was proposed to explain cancer development.

According to Visvader \[[@B91-ijms-19-00377]\], either stem or progenitor cells can act as targets for tumor initiation. Several diverse cancers are hierarchically organized and sustained by a subpopulation of self-renewing cells that can generate the full repertoire of tumor cells (both tumorigenic and non-tumorigenic cells). Stem cells have been favored candidates for targets of transformation because of their inherent capacity for self-renewal and their longevity, which would allow the sequential accumulation of genetic or epigenetic mutations required for oncogenesis.

Indeed, it has been demonstrated that, as one of the possible mechanisms of gastric carcinogenesis, chronic inflammation induced by *Helicobacter pylori* infection can increase the number of tissue stem/progenitor cells, promote their proliferation, and alter the properties of stem cells toward intestinal metaplasia to cancer \[[@B92-ijms-19-00377]\]. Thus, an intestinal phenotype in the stomach would be not just a differentiated metaplasia in the stomach, but a phenotype of stem cell abnormality with precancerous lesion susceptible to gastric carcinogenesis after chronic inflammation \[[@B92-ijms-19-00377]\].

3. Autoantibodies as Markers of Gastric Cancer {#sec3-ijms-19-00377}
==============================================

Cancer cells can induce an immunological response resulting in the production of autoantibodies against tumor antigens which can be used as biomarkers to detect cancer at an early stage. Indeed, the immune system is capable of sensing at least some tumor-associated antigens before many standard clinical tests for cancer diagnosis \[[@B93-ijms-19-00377]\], so that detection of tumor-associated autoantibodies could have both diagnostic and prognostic relevance \[[@B94-ijms-19-00377],[@B95-ijms-19-00377]\]. Availability of early and specific markers would be an important advance in cancer management because currently a significant proportion of individuals are diagnosed late, presenting with advanced disease at which time the opportunities for successful treatment are drastically reduced and treatment costs significantly increased \[[@B95-ijms-19-00377]\]. The use of autoantibodies as biomarkers in cancer immunodiagnosis is further justified by the fact that these antibodies are generally absent or present in very low concentration in normal individuals and in non-cancer conditions \[[@B96-ijms-19-00377]\]. Importantly, although no evidence of correlation between antibody concentration and cancer stage emerged from most studies \[[@B94-ijms-19-00377]\], usually a marked decrease in antibody levels is seen after surgical removal of solid tumors, indicating that they can be used in monitoring the efficacy of surgical treatment and in patient follow up.

Most tumor-associated autoantigens are cellular proteins and belong to three main classes: (a) antigens resulting from genetic mutations or rearrangements; (b) viral antigens; and (c) antigens that are ectopically expressed. Somatic mutations can increase immunogenicity by producing new antigenic epitopes via point mutations, frame shifts, or coding sequence extensions or truncations \[[@B95-ijms-19-00377]\]. Several techniques are used for their detection, including serological analysis of tumor antigens by recombinant cDNA expression cloning (SEREX), phage display, serological proteome analysis (SERPA), multiple affinity protein profiling (MAPPing), and protein microarrays \[[@B97-ijms-19-00377]\].

Currently, there are some candidate autoantibodies as clinically useful biomarkers for gastric cancer; namely, anti-p53, anti-carcinoembryonic antigen (CEA), anti-mucin, anti-survivin, and anti-livin autoantibodies.

p53 is a tumor suppressor gene that plays a critical role in oncology. Its protein participates in the regulation of the cell-cycle, acts as a transcriptional transactivator/repressor, helps in DNA repair, suppresses cell growth, induces apoptosis and has many other functions \[[@B98-ijms-19-00377]\]. The production of anti-p53 autoantibodies is strongly related to p53 protein overexpression in the tumor tissue \[[@B99-ijms-19-00377]\]. Autoantibodies against the p53 protein were detected for the first time in sera of patients with breast cancer \[[@B100-ijms-19-00377]\] and then in many other solid tumors. In gastric cancer, 20% of all patients and 46% of patients with p53-positive tumors have high levels of anti-p53 antibodies \[[@B101-ijms-19-00377]\]. Regardless of the moderate sensitivity, there is consensus on the very high specificity (around 96%) of p53 antibodies for malignancy \[[@B102-ijms-19-00377],[@B103-ijms-19-00377]\]. Several studies have also demonstrated that anti-p53 antibodies are more prevalent in advanced gastric cancers with a prevalence of regional lymph node involvement \[[@B95-ijms-19-00377],[@B101-ijms-19-00377],[@B104-ijms-19-00377],[@B105-ijms-19-00377]\] recognizing the poor prognostic value of p53 autoantibody markers in gastric carcinoma.

Antibodies to CEA, an oncofetal glycoprotein commonly measured as a tumor marker, may be found in 46--56% of gastrointestinal tumors, especially in cancer at an early stage, even with undetectable circulating CEA \[[@B7-ijms-19-00377],[@B106-ijms-19-00377]\]. However, they are also found in 10% of healthy individuals suggesting they could be part of the natural autoantibody repertoire. Anti-CEA antibodies are associated with the host immune response against the tumor and show a good prognostic value for survival \[[@B99-ijms-19-00377],[@B107-ijms-19-00377]\]. Antibodies to mucin \[[@B108-ijms-19-00377]\], surviving, and livin \[[@B109-ijms-19-00377]\] have also been detected in patients with gastric cancer, with a prevalence of 75%, 40%, and 50%, respectively. They could represent new tumor markers not only for diagnosis but also for postoperative monitoring of gastric cancer patients, particularly in those lacking anti-p53 antibodies \[[@B95-ijms-19-00377]\].

Autoantibodies to the extracellular protein kinase A (ECPKA), a cAMP-dependent intracellular enzyme, are markedly up-regulated in the sera of cancer patients, have been found in many malignant tumors, including gastric cancer. Although these antibodies measure malignant transformation in all cells and are not specific to one type of cancer, they have a sensitivity of 90% with a specificity of 87% and could be used as a universal screening method to detect serum tumor markers \[[@B110-ijms-19-00377]\].

However, notwithstanding their high diagnostic specificity, in clinical practice, autoantibody response has been seen to be highly variable from patient to patient, probably due to diverse immune responses resulting from the highly heterogeneous nature of cancer and inherent genotypic (and epigenetic) variations within a population \[[@B95-ijms-19-00377]\]. In addition, contrary to what occurs in autoimmune diseases, assays that measure a single tumor-associated autoantibody appear to have little diagnostic use for cancer due to their low frequency, rarely exceeding 30%. A possible strategy for overcoming this limitation due to individual variability and poor diagnostic sensitivity could be combining known autoantibody markers with other biomarkers for gastric cancer, such as tumor markers like carcinoembryonic antigen (CEA) \[[@B111-ijms-19-00377]\], CA19-9 \[[@B112-ijms-19-00377]\], and CA72-4 \[[@B113-ijms-19-00377]\] markers related to chronic atrophic gastritis (e.g., parietal cell antibodies, *H. pylori* antibodies and serum pepsinogens I and II, gastrin \[[@B114-ijms-19-00377]\]), microRNAs \[[@B115-ijms-19-00377]\] or glycosylation signatures \[[@B116-ijms-19-00377]\].

Another strategy to increase diagnostic sensitivity is to associate multiple antibody markers. To this end, Werner et al. studied 329 gastric cancer patients, 321 healthy controls and 124 participants with other diseases of the upper digestive tract by multiplex serology using a fluorescent bead-based glutathione S-transferase (GST) capture immunosorbent assay \[[@B117-ijms-19-00377]\]. Among 64 candidate autoantibodies directed against gastric tumor-associated antigens, they identified five antibodies: MAGEA4, CTAG1, TP53, ERBB2_C, and SDCCAG8. At 98% specificity, sensitivity for gastric cancer detection for single antibodies was not higher than 12%, while a combination of the five antibodies enabled recognition of 32% of early-stage gastric cancer with a specificity of 87% \[[@B117-ijms-19-00377]\].

Using an ELISA assay to detect autoantibodies towards an antigenic panel containing a seven-marker combination (p53, Koc, p62, c-myc, IMP1, survivin and p16), in a cohort of 383 patients (88 with gastric adenocarcinoma, 79 with gastric dysplasia, 76 with chronic atrophic gastritis, and 140 individuals with normal gastric mucosa), Zhou et al. reported a sensitivity of 64% for adenocarcinoma with a specificity of 87%. The area under the receiver operating characteristic (ROC) curve was 0.730. Sensitivity for gastric cancer did not increase with the addition of other autoantibodies to tumor-associated antigens \[[@B118-ijms-19-00377]\].

In a similar study by Wang and coworkers, autoantibodies against eight tumor-associated recombinant antigens (IMP1, p62, Koc, p53, c-myc, cyclin B1, survivin and p16) determined by ELISA and Western blot, showed 56.1% sensitivity for gastric cancer detection, at 86.2% specificity. The highest frequency (27%) was found for cyclin B1 \[[@B119-ijms-19-00377]\].

Thus, a substantial number of autoantibodies present in patients with gastric cancer have been identified. Although some of the autoantibodies are highly specific, their low diagnostic sensitivity has limited their application in clinical practice and assays that measure a single tumor-associated autoantibody appear to have little diagnostic utility for cancer detection. In the future, availability of new multiplex technology for the simultaneous detection of many autoantibodies might prove to be able to overcome these limitations by providing cancer-specific autoantibody profiles to be used for population screening for the early detection of gastric cancer.

4. Conclusions {#sec4-ijms-19-00377}
==============

There is evidence that the incidence of gastric neoplasms is higher in patients with autoimmune gastritis compared to the general population. Many studies in humans and in mouse models of gastritis indicate that chronic inflammation stimulates gastric cells to produce inflammatory cytokines which play a relevant role in regulating oxyntic atrophy, hyperplasia, metaplasia, and progression to gastric cancer by up-regulating expression of progenitor cells. Recent data on gastric cancer stem cell involvement may provide insights into the molecular pathway of carcinogenesis, eventually leading to development of new therapeutic approaches to target early-stage gastric cancer.
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###### 

Clinical presentation, serology, pathology and neoplastic risk of autoimmune gastritis.

  ------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------- -------------
  **Clinical Presentation**                                                 No symptoms or dyspepsia                                                                                            
  Anemia (iron deficiency, vitamin B12 deficiency)                                                                                                                                              
  Coexisting autoimmune diseases:                                           Autoimmune thyroid diseases (Hashimoto and Graves)                                                                  
  Type 1 diabetes                                                                                                                                                                               
  Addison disease                                                                                                                                                                               
  Polyglandular autoimmune syndromes type III                                                                                                                                                   
  Serology                                                                  Gastrin 17                                                                                                          \>10 pmol/L
  Pepsinogen I                                                              \<30 μg/L                                                                                                           
  Pepsinogen II                                                             normal (3--15 μg/L)                                                                                                 
  Parietal cell autoantibodies                                              pos 90--95%                                                                                                         
  Intrinsic factor autoantibodies                                           pos 30--50%                                                                                                         
  Pathology                                                                 Corpus/fundus restricted gastritis                                                                                  
  Neoplastic Risk                                                           Gastric carcinoid: increased according to gastric (oxyntic) atrophy score to the corpus and fundus of the stomach   
  Gastric adenocarcinoma: increased according to pangastric atrophy score                                                                                                                       
  ------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------- -------------
